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1 INTRODUCTION  
Temporary casings are routinely used in the con-
struction of rotary bored piles, to support the pile 
bore in potentially unstable soils and also to prevent 
water ingress from loose or water logged soils.  
The extraction method of the temporary casings 
has largely been selected on the basis of the judg-
ment of experienced personnel and, in most cases, 
has been successfully concluded.  Where it is 
thought that casings can be removed easily a han-
dling crane is used to pull vertically.  If it is thought 
that the casing cannot be readily withdrawn then it 
can be extracted by rotating with the hydraulic rig 
used for excavating the piles although this leads to 
reduced rates of production. If the judgment about 
whether a casing can be withdrawn using a handling 
crane is incorrectly made the results can be cata-
strophic. For example, where a crane is being used 
the sudden failure of a hoist rope will in turn trigger 
a sudden release of load on the boom, which may 
cause it to fail dramatically as it whips back hard 
against the stops and back over the cab. This may re-
sult in injury, death, damage to equipment and the 
works under construction or even surrounding struc-
tures (Federation of Piling Specialists, 2010). Fur-
thermore, a failure of the selected extraction method 
will inevitably lead to delay and increased cost.  
Many piling contractors operating in London and 
elsewhere extract temporary casings with crawler 
cranes; this operation will likely involve both static 
load whilst tension is being applied to the casing and 
dynamic load at the point where the frictional forces 
are overcome and the casing begins to ascend. The 
extent of this force is unknown.  
 
2 OBJECTIVES 
The overall objective of this industry funded project 
is to develop a series of rules of thumb, to provide 
practitioners with a simple and effective method for 
estimating extraction force. The project will be sup-
plemented by a prototype scale parametric study, 
though this is yet to be conducted and hence is not 
reported here. 
This project did not seek to derive the magnitude 
of extraction force for given soil conditions, pile di-
ameter, and embedment depth. This was thought to 
be unrealistic owing to the vast number of variables 
that could exist. Instead the primary objective was to 
gain an insight into the factors affecting the casing 
extraction force. With this information it may be 
possible to correlate the impact a specific parameter 
may have on the total extraction force. For example, 
does the total extraction force double if the casing 
penetration into the clay is increased from 0.5 m to 
1.0 m? 
3 SOIL MODEL 
The tests were conducted in a standard City Univer-
sity London plane strain centrifuge strong-box with 
plan dimensions of 200 mm x 550 mm and maxi-
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ABSTRACT: Temporary casings are regularly used in the construction of rotary bored piles, to support the 
pile bore in potentially unstable soils and also to prevent water ingress from loose or water logged soils. The 
preferred method of removal of casing is by pulling with a crawler crane.  However, the magnitude of force 
generated, particularly during the initial stage of casing extraction, is unknown. This paper describes a series 
of 50g centrifuge tests designed to model the casing and surrounding soil during extraction by crane. In each 
test different sized model casings were installed at various embedment depths into a layer of clay overlain by 
a well-graded sand to provide an array of data. The depth of granular overburden was varied from 60 mm to 
120 mm to allow for assessment of the influence of this material on the extraction force whilst the casing siz-
es modelled 900 mm and 1800 mm prototypes. 
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A 10 mm thick Perspex guide plate (Figure 4) was 
manufactured with a good fit with the internal faces 
of the strong box. This allowed accurate positioning 
of the pile casings.  
A series of cutters and guide collars were manu-
factured to allow the pile bores to be cut vertically 
and in the correct position, and also support the cas-
ing before the granular material was placed.  
Since the casings were being extracted from the 
soil there were no concerns over end bearing effects. 
In view of this, the distance between the bottom of 
the sample and the bottom of the casing could be re-
duced to less than the 5d typically used in pile model 
tests to avoid end bearing effects (Craig, 1995). This 
was beneficial to the project since it allowed the ac-
tuator to be mounted high on the strong box and 
hence allowed for most of the length of casing to be 
extracted from the soil. The depth of clay used was 
100 mm and this resulted in a worst case distance 
between the base of the strong box and the bottom of 
the casing of 2.3d. 
A standpipe was used to set the water table level 
with the top of the clay surface. 
5 TESTING PROCEDURE 
The testing procedure can be summarised as follows: 
1 With the model in-flight, flood the granular 
layer with water and immediately drain to en-
sure uniform consolidation of the overburden. 
2 Leave the model spinning at 50 g for 5 hours 
to establish pore pressure equilibrium in the 
clay layer. (The overburden remained unsatu-
rated throughout the remainder of the test).  
3 Extract all casings simultaneously. 
 
Upon removal from the consolidation press the 
clay sample was trimmed to the required level and 
sealed using a small amount of silicon oil. A small 
vertical drain 20 mm in diameter and 15 mm deep, 
was cut into the top of the clay surface toward the 
back of the box to allow quick drainage of the 
granular layer following inundation immediately af-
ter spin up. A drain was connected to a remote sole-
noid valve via a port in a wall of the strong box.  
The Perspex template was placed above the clay 
and the guide collars pushed through the guides into 
the clay. The collars served two functions, firstly to 
accurately control the embedment of the casing and 
secondly to provide a guide for when the pile was 
bored out. The collars can be seen in Figure 4. 
The pile was bored using thin walled steel tube 
cutters using the collars as guides. The shelf left in 
the clay when the collars were removed can be seen 
in Figure 5. The Perspex template was then removed 
from the clay surface and hung from the top of the 
strongbox. A plywood former was placed on top of 
the clay (Figure 6), this was used to retain the granu-
lar material when it was placed. The model pile cas-
ings were then dropped through the top of the Per-
spex guide template down to the shelf in the clay 
sample created earlier. The sand covered latex bags 
were inserted into the pile bore and then filled with 
the saturated sand. Once this operation had been 
completed the granular material was placed. This 
was placed in even layers through holes cut into the 
Perspex template. It was necessary to keep the tem-
plate in place until all of the granular material was 
placed, as the 10-20 mm embedment of the pile cas-
ings into the clay was not considered sufficient to 
temporarily hold the casing vertical.  
 
 
Figure 4. Casing guide collars. 
 
 
 
Figure 5. Shelf left in clay after removal of collar. 
Once the granular material had been placed and 
compacted the Perspex template was removed and 
the casing extraction apparatus was attached to the 
strong box. The load cells were lowered toward the 
head of the casings and attached simply with a single 
M6 bolt. 
The package was installed onto the centrifuge 
swing, a stand pipe was set up to maintain the water 
table at the top of the clay whilst a second water feed 
was used to provide water to the top of the granular 
material.  
When the centrifuge had reached 50 g the water 
feed at the top of the sample was turned on allowing 
the granular material to become fully saturated, this 
was monitored by the on-board cameras. Once fully 
saturated the solenoid valve was opened thus drain-
ing the granular layers. The motivation for doing this 
was to assist in compacting the granular material and 
helped to ensure consistent relative density through-
out the model. The package was left in the centri-
fuge for 5 hours until the pore pressures within the 
clay had become hydrostatic.  At this point the mod-
el was ready for testing. The casings were extracted 
at a rate of 10 mm/min and were extracted by ap-
proximately 140 mm. The displacement was meas-
ured by correlating the time in the data file to fixed 
speed of the actuator.  
 
 
Figure 6. Perspex template used to hold casing vertical. 
 
 
Figure 7. Post-test deconstruction of the model. 
 
Figure 7 shows the post-test deconstruction of the 
model where the model casings and most of the 
granular soil have been removed leaving the sand 
covered rubber membranes protruding. 
6 TEST RESULTS 
The results of a total of two centrifuge tests have 
been conducted and the results are presented here. 
Each centrifuge test consisted of four test sites and 
hence a total of eight casing extraction tests were 
carried out. 
In each test two casings with 35 mm outer diame-
ter (OD) and two casings with 17.5 mm OD were 
used.  Of these, one casing which had a clay em-
bedment of 10 mm and the other an embedment of 
20 mm. At prototype scale this is approximately 
1800 mm and 900 mm outside diameter and clay 
embedment of 500 mm and 1000 mm. 
 In Test A the granular overburden was set at 
120 mm and reduced to 60 mm for Test B. This 
scales to 6 m and 3 m respectively. The bulk unit 
weight of the overburden measured after each tests 
was 18.76 kN/m
3
 and 17.22 kN/m
3
 for Test A and B 
respectively. The tests undertaken are summarised in  
Table 1. 
 
Test A - 120 mm overburden thickness 
Casing diameter Casing embedment in clay 
35 mm 10 mm 20 mm 
17.5 mm 10 mm 20 mm 
Test B - 60 mm overburden thickness 
Casing diameter Casing embedment in clay 
35 mm 10 mm 20 mm 
17.5 mm 10 mm 20 mm 
Table 1.  - Summary of tests undertaken 
 
Figure 8 shows the load displacement curve for Test 
B. As expected, the extraction force peaks early in 
the test and this maximum force gradually decreases 
as the casing is extracted and has less surface area in 
contact with the soil. The spike in the extraction 
force probably reduces as the fictional forces and 
suctions are overcome. As predicted the largest di-
ameter casing with the greatest embedment showed 
the highest extraction force. The graph shows that by 
doubling the embedment there is a marked increase 
in the peak extraction force for both small and large 
diameter casings. 
Load displacement curves presented in Figure 9 
are for Test A where the overburden was 120 mm 
(twice that for Test B). The effective of doubling 
embedment for both small and large casings can be 
seen and is similar to that of Test B. The increased 
overburden has had little effect on the shape of the 
load displacement curve and seems to have only af-
fected the magnitude of the extraction force. 
For the purpose of casing extraction, for obvious 
reasons, the most critical force is the peak force, 
which occurs almost immediately after extraction 
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